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(54) NOVEL MICROSPHERE AND METHOD FOR PRODUCTION THEREOF 



(57) A provision of a method for producing a micro- 
sphere improved in dispensability. 

A method for producing a microsphere improved in 



dlspersibility, characterized In that during the production 
of microspheres by an in-water drying method, an os- 
motic pressure regulating agent is added to an outer wa- 
ter phase. 
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Description 



Technical Field 

5 [0001] The present invention relates to a microsphere having improved dispersibility, a method of producing the 
same, a sustained-release composition containing the microsphere, and so on. 

Background Art 

10 [0002] For example, Japanese Patent Application Laid-Open (JP-A) Nos. 57-118512, 57-150609 and 6-145046 dis- 
close a method of producing a sustained-release microsphere from a W/O type emulsion using a biodegradable pol- 
ymer. 

[0003] The sustained- release biodegradable polymer is useful as, for example, a base material for a physiologically 
active substance-enclosing microsphere or the like. Known examples of such a biodegradable polymer include poly- 

15 lactic acid and a copolymer of lactic acid and glycolic acid (e.g., JP-A 11-269094). 

[0004] After produced by any conventional synthesis method, such biodegradable polymers have been used as they 
are. It has been found, however, that such unmodified product as synthesized has a low amount of the terminal carboxyl 
group and thus can be less useful as a sustained-release base material. Thus, investigations have been made on a 
process including the steps of hydrolyzing such unmodified biodegradable polymer with a high molecular weight to 

20 form a product having an appropriate weight average molecular weight and then using the product as a base material 
for a sustained-release preparation. 

[0005] However, the product obtained after the hydrolysis and washing with water can easily cause an initial burst 
and thus is not suitable as the sustained-release base material, even though it has an appropriate weight average 
molecular weight and an appropriate amount of the terminal carboxyl group. Thus, there has been a demand for its 
25 improvement under the present circumstances. 

[0006] JP-A 7-97334 discloses a sustained-release preparation and a method of producing the same, wherein the 
preparation comprises a physiologically active peptide or a salt thereof and a biodegradable polymer having a tree 
carboxyl group at its terminal. 

[0007] However, these literatures are silent on any method for improving the dispersibility of the microsphere. 
30 [0008] It is therefore an object of the present invention to provide a microsphere having improved dispersibility, a 
method of producing the same, and so on. 

Disclosure of Invention 

35 [0009] The present inventors have made active investigations with the above object in view and consequently found 
that in an in-water drying process for production of microspheres, addition of an osmotic pressure regulating agent to 
the outer aqueous phase can surprisingly improve the dispersibility of the microsphere product. Based on the finding, 
the present inventors have further made investigations and finally completed the present invention. 
[0010] Thus, the present invention provides: 

40 

(1 ) a method of producing a microsphere having improved dispersibility, which comprises adding an osmotic pres- 
sure regulating agent to an outer aqueous phase in producing the microspheres by an in-water drying method; 

(2) the method according to the above (1), wherein the dispersibility is improved to such a degree that about 400 
to about 700 mg of the microspheres can be dispersed in 1 .5 ml of a dispersion medium for injection in less than 

45 two minutes; 

(3) the method according to the above (1 ), wherein a W/O/W type emulsion is used in the in-water drying method; 

(4) the method according to the above (3), which further comprises adding a drug carrier to an inner aqueous phase; 

(5) the method according to the above (1), wherein an O/W type emulsion is used in the in-water drying method; 

(6) the method according to the above (1 ), wherein an S/O/W type emulsion is used in the in-water drying method; 
50 (7) a method of producing microspheres, which comprises dispersing a W/O type emulsion in an outer aqueous 

phase that contains an osmotic pressure regulating agent, wherein the W/O type emulsion consists of an inner 
aqueous phase containing a physiologically active substance or a salt thereof and an oil phase of a solution con- 
taining a lactic acid polymer with a weight average molecular weight of 1 5000 to 50000 or a salt thereof; and 
subjecting the dispersion to an in-water drying method; 
55 (8) the method according to the above (7), wherein the content of a polymer with a weight average molecular 

weight of 5000 or less in the lactic acid polymer or the salt thereof is about 1 0% by weight or less; 
(9) the method according to the above (7), wherein the content of a polymer with a weight average molecular 
weight of 5000 or less in the lactic acid polymer or the salt thereof is about 5% by weight or less: 
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(10) the method according to the above (7), wherein the content of a polymer with a weight average molecular 
weight of 3000 or less in the lactic acid polymer or the salt thereof is about 1 .5% by weight or less; 

(11) the method according to the above (7), wherein the content of a polymer with a weight average molecular 
weight of 1000 or less in the lactic acid polymer or the salt thereof is about 0.1% by weight or less; 

5 (12) the method according to the above (7). wherein the weight average molecular weight of the lactic acid polymer 

or the salt thereof is 15000 to 40000; 

(1 3) the method according to the above (7) : wherein the weight average molecular weight of the lactic acid polymer 
or the salt thereof Is 1 7000 to 26000; 

(1 4) the method according to the above (1 ) or (7), wherein the osmotic pressure regulating agent is alcohol, sugar, 
10 amino acid, a peptide, a protein, a salt of water-soluble amino acid, or a derivative thereof or a mixture thereof; 

(15) the method according to the above (1) or (7), wherein the osmotic pressure regulating agent is mannitol; 

(16) the method according to the above (1) or (7), wherein a concentration of the osmotic pressure regulating 
agent in the outer aqueous phase is a concentration at which the osmotic pressure of the outer aqueous.phase is 
about 1/50 to about 5 times the osmotic pressure of isotonic sodium chloride solution; 

is (1 7) the method according to the above (7), wherein the physiologically active substance is a water-soluble phys- 

iologically active substance; 

(1 8) the method according to the above (7), wherein the physiologically active substance is a physiologically active 
peptide; 

(19) the method according to the above (7), wherein the physiologically active substance is an LH-RH derivative; 
20 (20) the method according to the above (7), wherein the LH-RH derivative is a peptide represented by the formula: 

5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

25 wherein Y represents DLeu, DAI a. DTrp, DSerftBu), D2Nal or DHis(lmBzl) and 2 represents NH-C 2 H 5 orGly-NH 2 , 

or a salt thereof; 

(21) a microsphere produced by the method according to the above (1) or (7); 

(22) a sustained- release composition, comprising the microsphere according to the above (21); 

(23) the sustained-release composition according to the above (22), which is for prevention or treatment of prostatic 
30 cancer, prostatic hypertrophy, endometriosis, hysteromyoma, metrofibroma, precocious puberty, dysmenorrhea, 

or breast cancer, or for contraception; 

(24) the sustained-release composition according to the above (22), which is for injection; 

(25) the sustained-release composition according to the above (22), which further comprises mannitol; 

(26) the sustained-release composition according to the above (22), which contains about 70% by weight or more 
35 of the microsphere in the total composition; 

(27) a method of preventing or treating prostatic cancer, prostatic hypertrophy, endometriosis, hysteromyoma, 
metrofibroma, precocious puberty, dysmenorrhea, or breast cancer or of contraception, which comprises admin- 
istering an effective amount of the sustained- release composition according to the above (22) to a mammal; 

(28) a method which comprises subjecting an emulsion to in-water drying in the presence of an osmotic pressure 
40 regulating agent in the outer aqueous phase for producing a microsphere having improved dispersibillty, wherein 

the emulsion contains a physiologically active substance or a salt thereof and a polymer; and 

(29) use of an osmotic pressure regulating agent in an outer aqueous phase in subjecting an emulsion containing 
a physiologically active substance or a salt thereof and a polymer to in-water drying for production of a microsphere 
having Improved dispersibillty. 



45 



[0011] The present invention also provides: 



(30) a microsphere having improved dispersibillty, which comprises a physiologically active substance or a salt 
thereof; and a lactic acid polymer with a weight average molecular weight of 15000 to 50000 in which the content 

so of a polymer with a weight average molecular weight of 5000 or less is about 5% by weight or less, or a salt thereof ; 

(31) the microsphere according to the above (30). wherein about 400 to about 700 mg of a sustained-release 
composition containing the microsphere according to the above (30) can be dispersed in 1.5 ml of a dispersion 
medium in less than two minutes; 

(32) the microsphere according to the above (30), which can be produced by an in-water drying method in the 
55 presence of an osmotic pressure regulating agent in an outer aqueous phase; 

(33) the sustained-release composition according to the above (32), wherein the in-water drying method is a W/ 
O/W type; 

(34) the sustained-release composition according to the above (32), wherein the in-water drying method is an Of 
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W type; 

(35) the sustained-release composition according to the above (32), wherein the in-water drying method is an S/ 
O/W type; 

(36) the microsphere according to the above (30), which is produced by dispersing a W/O type emulsion in an 
5 aqueous phase that contains an osmotic pressure regulating agent, wherein the W/O type emulsion comprises an 

inner aqueous phase containing a physiologically active substance or a salt thereof and an oil phase of a solution 
containing a lactic acid polymer with a weight average molecular weight of 15000 to 50000 in which the content 
of a polymer with a weight average molecular weight of 5000 ortess is about 5% by weight or less, or a salt thereof; 
and subjecting the dispersion to an in-water drying method; 
10 (37) the microsphere according to the above (30), wherein the content of a polymer with a weight average molecular 

weight of 3000 or less in the lactic acid polymer is about 1 .5% by weight or less; 

(38) the microsphere according to the above (30), wherein the content of a polymer with a weight average molecular 
weight of 1000 or less in the lactic acid polymer is about 0.1% by weight or less; 

(39) the microsphere according to the above (30), wherein the lactic acid polymer has a weight average molecular 
15 weight of 1 5000 to 40000; 

(40) the microsphere according to the above (30), wherein the lactic acid polymer has a weight average molecular 
weight of 1 7000 to 26000; 

(41) the microsphere according to the above (30), wherein the physiologically active substance is a water-soluble 
physiologically active substance; 

20 (42) the microsphere according to the above (41 ), wherein the physiologically active substance is a physiological ly 

active peptide; 

(43) the microsphere according to the above (41), wherein the physiologically active substance is an LH-RH de- 
rivative; 

(44) the microsphere according to the above (43), wherein the LH-RH derivative is a peptide represented by the 
25 formula: 

5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

30 wherein Y represents DLeu, DAIa, DTrp, DSer (tBu), D2Nal or DHis(lmBzl) and Z represents NH-C 2 H 5 or Gly-NH 2 ; 

(45) the microsphere according to any one of the above (32) to (36), wherein a concentration of the osmotic pressure 
regulating agent in the outer aqueous phase is a concentration at which the osmotic pressure of the outer aqueous 
phase is about 1/50 to about 5 times the osmotic pressure of isotonic sodium chloride solution; 

(46) the microsphere according to any one of the above (32) to (36), wherein the osmotic pressure regulating agent 
35 is alcohol, sugar, amino acid, a peptide, a protein, a salt of water-soluble amino acid, or a derivative thereof or a 

mixture thereof; 

(47) the microsphere according to the above (43), wherein the alcohol is polyhydrlc alcohol or monohydric alcohol; 

(48) the microsphere according to the above (47), wherein the polyhydrlc alcohol Is glycerin, arabltol, xylitol, adon- 
itol, mannitol, sorbitol, dulcitol, or a mixture thereof; 

40 (49) the microsphere according to the above (47) , wherein the monohydric alcohol Is methanol, ethanol, isopropyl 

alcohol, or a mixture thereof; 

(50) the microsphere according to the above (46) , the sugar is a monosaccharide, a disaccharide, an oligosac- 
charide, or a derivative thereof or a mixture thereof; 

(51) the microsphere according to the above (50), wherein the monosaccharide is arabinose, xylose, ribose, 2-de- 
45 oxyribose, glucose, fructose, galactose, mannose, sorbose, rhamnose, orfucose; 

(52) the microsphere according to the above (50), wherein the disaccharide is maltose, cellobiose, a,a-trehalose, 
lactose, or sucrose; 

(53) the microsphere according to the above (50), wherein the oligosaccharide is maltotriose, raffinose or stach- 
yose; 

so (54) the microsphere according to the above (50), wherein the derivative of the monosaccharide, disaccharide or 

oligosaccharide is glucosamine, galactosamine, glucuronic acid, or galacturonic acid; 

(55) the microsphere according to the above (46), wherein the amino acid is glycine, alanine, valine, leucine, 
isoleucine, phenylalanine, tyrosine, tryptophan, serine, threonine, proline, hydroxyproline, cysteine, methionine, 
aspartic acid, glutamic acid, lysine, arginine, or histidine; 
55 (56) the microsphere according to the above (46), wherein the salt of the water-soluble amino acid is an acid or 

alkali metal salt of glycine, alanine, valine, leucine, isoleucine, phenylalanine, tyrosine, tryptophan, serine, threo- 
nine, proline, hydroxyproline, cysteine, methionine, aspartic acid, glutamic acid, lysine, arginine, or histidine; 
(57) the microsphere according to any one of the above (32) to (36), wherein the osmotic pressure regulating agent 
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is mannitol; 

(58) the microsphere according to the above (30), which further comprises a drug carrier; 

(59) the microsphere according to the above (58), wherein the drug carrier is albumin, gelatin, salicylic acid, citric 
acid, or sodium ethylenediaminetetraacetate; 

5 (60) the microsphere according to the above (31), wherein the dispersion medium is a dispersant, a preservative, 

an isotonic agent, or a vegetable oil; 

(61 ) a method of producing a microsphere having improved dispersibility, which comprises performing an in-water 
drying method in the presence of an osmotic pressure regulating agent in an outer aqueous phase for improving 
the dispersibility of the resulting microspheres; 
10 (62) a method of producing a microcapsule containing a physiologically active substance or a salt thereof, and a 

lactic acid polymer with a weight average molecular weight of 15000 to 50000 or a salt thereof in which the content 
of a polymer with a weight average molecular weight of 5000 or less is about 5% by weight or Iess : which comprises 
performing an in-water drying method In the presence of an osmotic pressure regulating agent in an outer aqueous 
phase; 

15 (63) the method according to the above (62), wherein the in-water drying method is a W/O/W type; 

(64) the method according to the above (62), wherein the in-water drying method is an O/W type; 

(65) the method according to the above (62), wherein the in-water drying method is an S/O/W type: 

(66) a method of producing a microsphere containing a physiologically active substance or a salt thereof, and a 
lactic acid polymer with a weight average molecular weight of 1 5000 to 50000 or a salt thereof in which the content 

20 of a polymer with a weight average molecular weight of 5000 or less is about 5% by weight or less, which comprises 

dispersing a W/O type emulsion in an aqueous phase that contains an osmotic pressure regulating agent, wherein 
the W/O type emulsion comprises an inner aqueous phase containing the physiologically active substance or the 
salt thereof and an oil phase of a solution containing the lactic acid polymer with a weight average molecular weight 
of 15000 to 50000 or a salt thereof in which the content of a polymer with a weight average molecular weight of 

25 5000 or less is about 5% by weight or less; and subjecting the dispersion to an in-water drying method; 

(67) the method according to the above (66), wherein a concentration of the osmotic pressure regulating agent in 
the outer aqueous phase is a concentration at which the osmotic pressure of the outer aqueous phase is about 
1/50 to about 5 times the osmotic pressure of isotonic sodium chloride solution; 

(68) the method according to the above (66), wherein the inner aqueous phase further contains a drug carrier; 
30 (69) a sustained-release composition comprising the microsphere according to the above (30); 

(70) a sustained-release composition for prevention or treatment of prostatic cancer, prostatic hypertrophy, en- 
dometriosis, hysteromyoma, metrofibroma, precocious puberty, dysmenorrhea or breast cancer or for contracep- 
tion, which comprises the microsphere according to the above (43) ; 

(71) the sustained-release composition according to the above (69) or (70), which is for injection; 

35 (72) the sustained-release composition according to any one of the above (69) to (71), which further comprises 

mannitol; 

(73) the sustained-release composition according to any one of the above (69) to (72), which contains about 70% 
by weight or more of the microsphere in the total composition; 

(74) a method of preventing or treating prostatic cancer, prostatic hypertrophy, endometriosis, hysteromyoma, 
40 metrofibroma, precocious puberty, dysmenorrhea or breast cancer or of contraception, which comprises adminis- 
tering an effective amount of the microsphere according to the above (43) or a sustained- release composition 
comprising the microsphere to a mammal; 

(75) a long-term sustained- re lease microsphere which comprises a physiologically active substance or a salt there- 
of and a polymer or a salt thereof and wherein about 400 to 700 mg of a sustained-release composition comprising 

45 the microsphere can be dispersed in 1 .5 ml of a dispersion medium in less than two minutes; 

(76) the microsphere according to the above (75), wherein the polymer or a salt thereof is a lactic acid polymer 
with a weight average molecular weight of 10000 to 50000 or a salt thereof; 

(77) a sustained-release composition comprising the microsphere according to the above (75) or (76); 

(78) a method of improving the dispersibility of a microsphere containing a physiologically active substance or a 
so salt thereof and a polymer, which comprises performing an in-water drying method in the presence of an osmotic 

pressure regulating agent in an outer aqueous phase in producing the microsphere; 

(79) a method for improving the dispersibility of a microsphere containing a physiologically active substance or a 
salt thereof and a polymer in a composition for injection comprising the microsphere, which comprises performing 
an in-water drying method in the presence of an osmotic pressure regulating agent in an outer aqueous phase for 

55 production of the microcapsule; 

(80) a method of using an osmotic pressure regulating agent in an outer aqueous phase in an in-water drying 
method for production of a microspheres which contains a physiologically active substance or a salt thereof and 
a polymer and which has improved dispersibility in a composition for injection comprising the microsphere; 
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(81) use of an osmotic pressure regulating agent in an outer aqueous phase in an in-water drying method for 
production of a microsphere which contains a physiologically active substance or a salt thereof and a polymer and 
which has improved dispersibility in a composition for injection comprising the microsphere; and 

(82) an agent for improving the dispersibility of a microcapsule for use in an outer aqueous phase for an in-water 
drying method, which comprises an osmotic pressure regulating agent. 

Brief Description of Drawings 

[0012] 

Fig. 1 Is an electron micrograph showing microspheres of Comparative Example 1 . 
Fig. 2 Is an electron micrograph showing microspheres of Example 1 . 

Best Mode for Carrying Out the Invention 

[0013] The physiologically active substance for use in the present invention has high hydrophilicity and low n-octanol/ 
water (oilAvater) partition ratio. Such low oil/water partition ratio means an n-octanol/water solubility ratio of preferably 
1 or less, more preferably 0.1 or less. 

[0014] The oil/water partition ratio can be determined by the method described in Jitsusaburo Samejima, "Butsuri 
Kagaku Jikkenho (Physicochemical Experimental Method)", published by SHOKABO PUBLISHING Co., Ltd., 1961. 
Specifically, the method is performed as follows. First, n-octanol and a buffer, pH 5.5 (a 1 :1 mixture) are put in a test 
tube. For example, the buffer is S<j>erensen buffer [Ergeb. Physiol., 12, 393 (1912)1, Clark-Lubs buffer [J. Bad., 2(1), 
109, 191 (1917)1, Macllvaine buffer [J. Biol. Chem., 49, 183 (1921)1, Michaelis buffer [Die Wasser-stoffionenkonzen- 
tration, p. 186 (1914)], Kolthoff buffer [Biochem. 2., 179, 410 (1926)1, or the like. An appropriate amount of a drug is 
put in the test tube. The test tube is then capped and immersed in a thermostatic bath (25°C) while vigorously shaken 
frequently. When the drug appears to be dissolved in both liquid layers to reach equilibrium, the liquid mixture is allowed 
to stand or be centrifuged. A certain amount of the liquid is then pipetted from each of the upper and lower layers, and 
analyzed so that the concentration of the drug in each layer is determined. The oilAvater partition ratio is obtained as 
the ratio of the concentration of the drug in the n-octanol layer to that in the water layer. 

[0015] Examples of the physiologically active substance include, but are not limited to, physiologically active sub- 
stances, antitumor agents, antibiotics, antipyretic agents, analgesics, anti-inflammatory agents, antitussive expecto- 
rants, sedatives, muscle relaxants, antiepileptic agents, antiulcer agents, antidepressants, anti-allergic agents, cardi- 
otonics, antiarrhythmic agents, vasodilators, hypotensive diuretics, antidiabetics, anticoagulants, hemostatics, antitu- 
bercular agents, hormone agents, narcotic antagonists, bone resorption suppressors, and angiogenesis inhibitors. 
[0016] Any pharmacologically useful substance may be used as the physiologically active substance in the present 
invention, and it may be a non-peptide compound or a peptide compound. The non-peptide compound may be an 
agonist, an antagonist, a compound having an enzyme-inn Iblting effect, orthe like. For example, the peptide compound 
is preferably a physiologically active peptide, which may have a molecular weight of about 300 to 40,000, preferably 
of about 400 to 30, 000 , more preferably of about 500 to 20,000. 

[0017] Examples of the physiologically active peptide include luteinizing hormone- releasing hormone (LH-RH), In- 
sulln : somatostatin, growth hormones, growth hormone-releasing hormone (GH-RH), prolactin, erythropoietin, adren- 
ocortical hormone, melanocyte-stimulatlng hormone, thyroid hormone-releasing hormone (TRH), thyroid-stimulating 
hormone, luteinizing hormone, follicle-stimulating hormone, vasopressin, oxytocin, calcitonin, gastrin, secretin, pan- 
creozymin, cholecystokinin, angiotensin, human placental lactogen, human chorionic gonadotropin, enkephalin, en- 
dorphin, kyotorphin, tuftsin, thymopoietin, thymosin, thymostimulin, thymic humoral factor, blood thymic factor, tumor 
necrosis factor, colony-stimulating factors, motilin, dynorphin, bombes in, neurotensin, caerulein, bradykinln, atrial natri- 
uretic factor, nerve growth factor, cell growth factor, neurotrophic factor, peptides having endothelin antagonism and 
derivatives thereof, and fragments thereof and derivatives of such fragments. 

[0018] Preferred examples of the physiologically active peptide include LH-RH derivatives effective against hormone- 
dependent diseases, especially sex hormone-dependent cancer (such as prostatic cancer, uterus cancer, breast can- 
cer, and pituitary tumor) or sex hormone-dependent diseases such as prostatic hypertrophy, endometriosis, hystero- 
myoma, precocious puberty, dysmenorrhea, amenorrhea, premenstrual syndrome and multilocular ovarian syndrome, 
or effective for contraception (or infertility, if a rebound effect is used after the drug holiday), or salts thereof. Additional 
examples include LH-RH derivatives effective against benign or malignant tumor that is not sex hormone-dependent 
but sensitive to LH-RH. or salts thereof. 

[0019] Specific examples of the LH-RH derivatives or salts thereof include peptides as disclosed in "Treatment with 
GnRH analogs: Controversies and perspectives" published by The Parthenon Publishing Group Ltd., 1996, JP-A 
3-503165, JP-A 3-101695, JP-A 7-97334 and JP-A 8-259460. 
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[0020] The LH-RH derivative may be an LH-RH agonist or LH-RH antagonist, and examples of the LH-RH antagonist 
include physiologically active peptides represented by the general formula [I] : 



* X-D2Nal-D4ClPhe-D3Pal-Ser-A-B-Leu-C-Pro-DAlaNH 2 



wherein X represents N(4H 2 -furoyl)G!y or NAc, A represents a residue selected from NMeTyr, Tyr, Aph(Atz) and 
NMeAph (Atz), B represents a residue selected from DLys(Nic), DCIt : DLys(AzagtyN ic), DLys(AzaglyFur), DhArg (Et 2 ), 
10 DAph(Atz) and DhCi, and C represents Lys(Nisp), Arg or hArgtEt^ and salts thereof. 

[0021] Examples of the LH-RH agonist include physiologically active peptides represented by the general formula [II]: 

S-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

15 

wherein Y represents a residue selected from DLeu, DAla, DTrp, DSer(tBu), D2Nal and DHis(lmBzl), and 2 represents 
NH-C 2 H 5 orGly-NH 2 , and salts thereof. Particularly preferred is a peptide wherein Y is DLeu and Z is NH-C 2 H 5 (that 
is, peptide A represented by the formula: 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 , leuprorelin) or a salt 
(such as an acetate) thereof. 

20 [0022] These peptides can be produced by or based on the method as disclosed in the above literatures or publica- 
tions. 

[0023] The abbreviations used herein have the following meanings, respectively: 



Abbreviations 


] Names 


N(4H 2 -furoyl) Gly 


| N-tetrahydrofuroy (glycine residue 


NAc 


| N-acetyl group 


D2Nal 


; D-3-(2-naphthyl)alanine residue 


D4CIPhe 


| D-3-(4-chloro) phenylalanine residue 


D3Pal 


j D-3-(3-pyridyl)alanine residue 


NMeTyr 


j N-methylthyrosine residue 


Aph(Atz) 


j N-lS'-CS'-amino-VH-r^'.^-triazolyOJphenylalanine residue 


NMeAph (Atz) 


j N-methyl-[5'-(3 , -amino-1 'H-1 , ,2\4 , -triazolyl)]phenylalanlne residue 


DLys(Nic) 


j D-(e-N-nicotinoyl)lysine residue 


Dcit 


j D-citrulline residue 


DLys(AzaglyNic) 


j D-(azagrycylnicotinoyl)lysine residue 


DLys(AzaglyFur) 


| D-(azaglycylfuranyl) lysine residue 


DhArg (Et 2 ) 


• D-(N,N'-diethyl)homoarginine residue 


DAph(Atz) 


| D-N-[5'-(3'-amino-1 'H-1 ',2\4 , -triazolyl)]phenylalanine residue 


DhCi 


j D-homocitrulline residue 


Lys(Nisp) 


| (e-N-isop ropy I) lysine residue 


hArg(Et 2 ) 


| (N,N'-dlethyl)homoarglnine residue 



[0024] Abbreviations for other amino acids are according to those defined by the IUPAC-IUB Commission on Bio- 
chemical Nomenclature or defined in European Journal of Biochemistry Vol. 138, pp. 9-37, 1984 or according to con- 
ventional abbreviations in the field. If not stated otherwise, amino acids are in L-configuration, although they may have 
optical isomers. 

[0025] Examples of the physiologically active peptide also Include LH-RH antagonists (see U.S. Patent Nos. 
4,086,219, 4,124,577, 4,253,997, and 4,317,815). 

[0026] Additional examples of the physiologically active peptide include insulin, somatostatin, somatostatin deriva- 
tives (see U.S. Patent Nos. 4,087,390, 4,093,574, 4,100.117, and 4,253,998), growth hormone, prolactin, adrenocor- 
ticotropic hormone (ACTH), melanocyte-stimulating hormone (MSH), thyroid hormone-releasing hormone (represented 
by the structural formula: (Pyr)Glu-His-ProNH2, hereinafter also referred to as TRH) and salts or derivatives thereof 
(see JP-A 50-121273 and JP-A 52-116465), thyroid-stimulating hormone (TSH), luteinizing hormone (LH), follicle- 
stimulating hormone (FSH), vasopressin, a vasopressin derivative [desmopressin, see Endocrine Journal published 
by The Japan Endocrine Society, Vol. 54, No. 5, pp. 676-691 (1978)], oxytocin, calcitonin, parathyroid hormone, glu- 



7 



EP 1 466 596 A1 



cagon, gastrin, secretin, pancreozymin, cholecystokinin, angiotensin, human placental lactogen, human chorionic go- 
nadotropin (HCG), enkephalin, enkephalin derivatives (see U.S. Patent No. 4,277,394 and European Patent Application 
Laid-Open No. 31567), endorphin, kyotorphin, interferons (such as a-, 0- and ^-interferons), interieukins (such as I, II 
and III), tuftsin, thymopoietin, thymosin 5 thymostimulin, thymic humoral factor (THF), blood thymic factor (FTS) and 

5 derivatives thereof (see U.S. Patent No. 4,229,438), other thymic factors [Igaku no Ayumi, Vol. 125, No. 10 : pp. 835-843 
(1983)], tumor necrosis factor (TNF), colony-stimulating factor (CSF), motilin, dynorphin, bombesin, neurotensin . caer- 
ulein, bradykinin, urokinase, asparaginase, kallikrein, substance P, nerve growth factor, cell growth factor, neurotrophic 
factor, blood coagulation factors VIII and IX, lysozyme chloride, polymyxin B, collstin, gramicidin, bacitracin, erythro- 
poietin (EPO), and endoth el in-antagonistic peptides (see European Patent Application Laid-Open Nos. 436189, 

10 4571 95 and 496452, and JP-A Nos. 3-94692 and 3-130299). 

[0027] Examples of the antitumor agents include bleomycin, methotrexate, actinomycin D, mitomycin C, binblastin 
sulfate, bincrystin sulfate, daunorubicln, adriamycin, neocartinostatin, cytosine arabinoside, fluorouracll, tetrahydrofu- 
ryl-5-fluorouracil, krestin, piclbanil, lentinan, levamisole, bestatin, azimexon, glycyrrhizin, polyl:C, polyA:U, and polyl- 
CLC. 

15 [0028] Examples of the antibiotics include gentamicin, dibekacin, kanendomycin, lividomycin, tobramycin, amikacin, 
fradiomycin, sisomycin, tetracycline hydrochloride, oxytetracycline hydrochloride, rolitetracycline, doxycycline hydro- 
chloride, ampicillin, piperacillin, ticarcillin, cefalothin, cefaloridine, cefottam, cefsulodin, cefmenoxime : cefmetazole, 
cefazolin, cefotaxime, cefoperazon, ceftizoxime, moxalactam, thienamycin, sulfazecin, and aztreonam. 
[0029] Examples of the antipyretic agents, analgesics and anti-inflammatory agents include salicylic acid, sulpyrine, 

20 flufenamic acid, diclofenac, indomethacin, morphine, pethidine hydrochloride, levorphanol tartrate, and oxymorphone. 
[0030] Examples of the antitussive expectorants include ephedrine hydrochloride, methylephedrine hydrochloride, 
noscapine hydrochloride, codeine phosphate, dihydrocodeine phosphate, alloclamide hydrochloride, clofedanol hy- 
drochloride, picoperidamine hydrochloride, chloperastine, protokylol hydrochloride, isoproterenol hydrochloride, sulb- 
utamol sulfate, and terbutaline sulfate. 

25 [0031] Examples of the sedatives include chlorpromazine, prochlorperazine, trifluoperazine, atropine sulfate, and 
methylscopolamine bromide. 

[0032] Examples of the muscle relaxants include pridinol methanesulf onate, tubocurarine chloride and pancuronium 
bromide. 

[0033] Examples of the antiepileptic agents include phenytoin, ethosuximide, acetazoiamide sodium, and chlo- 
30 rdiazepoxide. 

[0034] Examples of the antiulcer agents include metoclopramide and histidine hydrochloride. 
[0035] Examples of the antidepressants include imipramine, clomipramine, noxiptiline, and phenelzine sulfate. 
[0036] Examples of the anti-allergic agents include diphenhydramine hydrochloride, chlorpheniramine maleate, tripe- 
lennamine hydrochloride, methdilazine hydrochloride, clemizole hydrochloride, diphenylpyraline hydrochloride, and 
35 methoxyphenamine hydrochloride. 

[0037] Examples of the cardiotonics include trans -n-oxocamph or, theophyllol, aminophylline, and etilefrine hydro- 
chloride. 

[0038] Examples of the antiarrhythmic agents include propranol, alprenoloL bufetolol, and oxprenolol. 
[0039] Examples of the vasodilators include oxyfedrine hydrochloride, diltiazem, tolazollne hydrochloride, hexoben- 
40 dine, and bamethan sulfate. 

[0040] Examples of the hypotensive diuretics include hexamethonium bromide, pentolinium, mecamylamine hydro- 
chloride, ecarazine hydrochloride, and clontdine. 

[0041] Examples of the antidiabetics include gfymidine sodium, glipizide, phenformln hydrochloride, buformin hydro- 
chloride, and metformin. 
45 [0042] Examples of the anticoagulants include heparin sodium and sodium citrate. 

[0043] Examples of the hemostatics include thromboplastin, thrombin, menadione sodium hydrogen sulfite, acetom- 
enaphthone, e-aminocaprolc acid, tranexamtc acid, carbazochrome sodium sulfonate, and adrenochrome monoam- 
inoguanidine methanesulf onate. 

[0044] Examples of the antitubercular agents include isoniazid, ethambutol and para-ami nosal icy lie acid. 
so [0045] Examples of the hormone agents include predonisolone, predonisolone sodium phosphate, dexamethasone 
sodium sulfate, betamethasone sodium phosphate, hexestrol phosphate, hexestrol acetate, and methimazole. 
[0046] Examples of the narcotic antagonists include levallorphan tartrate, nalorphine hydrochloride and naloxone 
hydrochloride. 

[0047] Examples of the bone resorption suppressors include (sulfur-containing alkyl)aminomethylenebisphosphonic 
55 acid. 

[0048] Examples of the angiogenesis inhibitors include angiogenesis-inhibiting steroids [see Science, Vol. 221, p. 
719 (1983)], fumagillin (see European Patent Application Laid-Open No. 325199), and fumagillol derivatives (see Eu- 
ropean Patent Application Laid-Open Nos. 357061, 359036, 386667 and 415294). 
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[0049] Any physiologically active substance itself or any pharmacologically acceptable salt thereof may be used in 
the present invention. 

[0050] If the physiologically active substance has a basic group such as an amino group, such a salt may be a salt 
of an inorganic acid (or a free inorganic acid) (such as carbonic acid, bicarbonic acid, hydrochloric acid, sulfuric acid, 
nitric acid, and boric acid) or a salt of an organic acid (or a free organic acid) (such as succinic acid, acetic acid, 
propionic acid : and trifluoro acetic acid). 

[0051] If the physiologically active substance has an acidic group such as a carboxyi group, such a salt may be a 
salt of an inorganic base (or a free inorganic base) (such as an alkali metal such as sodium and potassium and an 
alkaline earth metal such as calcium and magnesium) or a salt of an organic base (or a free organic base) (such as 
an organic amine such as triethylamine and a basic amino acid such as arginine). The physiologically active peptide 
may also form a metal complex compound (such as a copper complex and a zinc complex). 

[0052] The polymer for use in the present invention is less soluble or insoluble in water and biocompatible (biode- 
gradable). The wording "less soluble in water" means that the polymer has a solubility of not less than 0 and.not more 
than about 3% (w/w) in water, preferably a solubility of not less than 0 and not more than about 1% (w/w) in water. 
[0053] The biodegradable polymer to be used may have a weight average molecular weight of about 1 0000 to 50000, 
preferably of about 15000 to 50000, more preferably of about 15000 to 40000, particularly preferably of about 17000 
to 26000. The biodegradable polymer may have a dispersibility of about 1 .2 to 4.0, particularly preferably of about 1 .5 
to 3.5. 

[0054] As used herein, the weight average molecular weight and the dispersibility each means a value determined 
by Gel Permeation Chromatography (GPC). 

[0055] The amount of the polymer to be used depends on the pharmacological activity and the rate and period of 
release of the physiologically active substance or a salt thereof and the like. For example, the polymer may be used 
as a microsphere base material in an amount of about 0.5 to 10,000 times (by weight), preferably of about 1 to 100 
times (by weight) the amount of the physiologically active substance or a salt thereof. 

[0056] The polymer is preferably biodegradable, and examples of such a polymer include an aliphatic polyester [such 
as a homopolymer (such as a lactic acid polymer), or a copolymer (such as a lactic acid/glycolic acid copolymer and 
a 2-hydroxybutyric acid/glycolic acid copolymer) of two or more of a-hydroxy acid (such as glycolic acid, lactic acid, 
2-hydroxybutyric acid, 2-hydroxyvaleric acid, 2-hydroxy-3-methylbutyric acid, 2-hydroxycaproic acid, 2-hydroxyisoc- 
aproic acid and 2-hydroxycaprylic acid), a cyclic dimer of a-hydroxy acid (such as glycolide and lactide), hydroxy dicar- 
boxylic acid (such as malic acid) or a hydroxytricarboxylic acid (such as citric acid), or any mixture of the homopolymer 
(s) and/or the copolymer(s) (such as a mixture of the lactic acid polymer and the 2-hydroxybutyric acid/glycolic acid 
copolymer)]; poly-ct-cyanoacrylate ester, polyamino acid (such as pory-y-benzyl-L-glutamic acid, poly-L-alanine, and 
poly-y-methyl-L-glutamic acid), and a maleic anhydride copolymer (such as a styrene/ maleic acid copolymer). Pre- 
ferred are the aliphatic polyester and the poly-a-cyanoacrylate ester. The aliphatic polyester is particularly preferred. 
[0057] Preferred examples of the aliphatic polyester include the homopolymer of a-hydroxy acids or the cyclic dimers 
of a-hydroxy acid, the copolymer of two or more thereof, and the mixture of the homopolymer(s) and/or the copolymer 
(s). Particularly preferred is the homopolymer or copolymer of a-hydroxy acids or the mixture of the homopolymer(s) 
and/or the copolymer(s). 

[0058] If the a-hydroxy acids, the cyclic dimers of the a-hydroxy acid, the hydroxydicarboxylic acids, or the hydrox- 
ytricarboxylic acids has any optically active center in Its molecule, it may be in any of D-, L- and DL-configurations. 
[0059] The aliphatic polyester may be produced by any known method (for example, see JP-A 61-28521) without 
any difficulty. The polymerization may be any of random, block and graft types. 

[0060] The aliphatic polyester may have a weight average molecular weight of about 1 0000 to 50000, preferably of 
about 15000 to 50000, more preferably of about 15000 to 40000, particularly preferably of about 1 7000 to 26000. The 
aliphatic polyester preferably has a dispersibility of about 1 .2 to 4.0, particularly preferably of about 1 .5 to 3.5. 
[0061] If the aliphatic polyester is a lactic acid/glycolic acid copolymer, the composition ratio is preferably from about 
100/0 to about 50/50 (by weight). If the aliphatic polyester is a 2-hydroxybutyrlc acid/glycolic acid copolymer, the com- 
position ratio is preferably from about 100/0 to about 25/75 (by weight). 

[0062] The lactic acid polymer, the lactic acid/glycolic acid copolymer, or the 2-hydroxybutyric acid/glycolic acid co- 
polymer preferably has a weight average molecular weight of about 15000 to 50000, particularly preferably of about 
15000 to 40000. 

[0063] If the aliphatic polyester is a mixture of a lactic acid polymer (A) and a glycolic acid/2- hydroxy butyric acid 
copolymer (B), for example, the mixture ratio represented by (A)/(B) may be from about 10/90 to about 90/10 (by 
weight) , preferably from about 25/75 to about 75/25 (by weight). 

[0064] The lactic acid polymer preferably has a weight average molecular weight of about 1 5000 to 50000, particularly 
preferably of about 15000 to 40000. 

[0065] The glycolic acid/2-hydroxybutyric acid copolymer is preferably composed of 40 to 70 moles of glycolic acid 
and the remainder (60 to 30 moles) of 2-hydroxybutyric acid. The glycolic acid/2-hydroxybutyric acid copolymer pref- 
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erably has a weight average molecular weight of about 1 5000 to 50000, particularly preferably of about 1 5000 to 40000. 
[0066] In particular, the polymer to be used in the present invention is preferably a lactic acid polymer (hereinafter, 
such a lactic acid polymer is also simply referred to as the lactic acid polymer of the present invention). Examples of 
the lactic acid polymer include a polymer consisting of only lactic acid and a copolymer of lactic acid and any other 

5 monomer (such as gtycolic acid), tn such a polymer, the content of a polymer with a weight average molecular weight 
of 5000 or less is generally about 10% by weight or less, preferably, the content of a polymer with a weight average 
molecular weight of 5000 or less is generally about 5% by weight or less; more preferably, the content of a polymer 
with a weight average molecular weight of 3000 or less is about 1 .5% by weight or less; still preferably, the content of 
a polymer with a weight average molecular weight of 1 000 or less Is about 0. 1 % by weight or less; still more preferably, 

10 the content of a polymer with a weight average molecular weight of 5000 or less is about 5% by weight or less, and 
the content of a polymer with a weight average molecular weight of 3000 or less is about 1 .5% by weight or less; most 
preferably, the content of a polymer with a weight average molecular weight of 5000 or less is about 5% by weight or 
less, the content of a polymer with a weight average molecular weight of 3000 or less is about 1 .5% by weight or less, 
and the content of a polymer with a weight average molecular weight of 1000 or less is about 0.1 % by weight or less. 

is [0067] The lactic acid polymer of the present invention generally has a weight average molecular weight of 15000 
to 50000, preferably of 15000 to 40000, more preferably of 1 7000 to 26000, particularly preferably of 1 7500 to 25500. 
[0068] A high molecular weight lactic acid polymer for use as material for the lactic acid polymer of the present 
invention may be commercially available or may be produced by any known polymerization method and generally has 
a weight average molecular weight of 15000 to 500000, preferably of 20000 to 100000. Examples of the known po- 

20 lymerization method include condensation polymerization of lactic acid and optionally glycolic acid, ring-opening po- 
lymerization of. for example, lactide and optionally glycolide with a Lewis acid such as diethyl zinc, triethylaluminum 
and tin octylate or a catalyst such as a metal salt, ring-opening polymerization of lactide in the presence of a hydrox- 
ycarboxylic acid derivative with the protected carboxyl group, in addition to the conditions of the above mentioned ring- 
opening polymerization (for example, International Patent Publication WO00/35990), ring-opening polymerization of 

25 lactide with a catalyst under heating (for example, J. Med. Chem., 1 6, 897 (1 973)), and copolymerization of lactide and 
glycolide. 

[0069] The type of the polymerization may be bulk polymerization in which lactide or the like is melted and subjected 
to polymerization reaction or solution polymerization in which lactide or the like is dissolved in a suitable solvent and 
subjected to polymerization reaction. A polymer produced by the solution polymerization is industrially preferred for 
30 use as material for the lactic acid polymer of the present invention. 

[0070] Examples of a solvent for dissolving lactide during the solution polymerization include aromatic hydrocarbons 
such as benzene, toluene and xylene, decalin, and dimethylfomnamide. 

[0071] The resulting lactic acid polymer with a high molecular weight may be hydrolyzed by any known hydrolysis 
method. For example, the lactic acid polymer with the high molecular weight is dissolved in a suitable solvent and then 

35 water and optionally an acid are added thereto to lead to hydrolysis. 

[0072] The solvent for dissolving the high molecular weight lactic acid polymer may be any solvent, as long as the 
lactic acid polymer can be dissolved in such a solvent in an amount of not more than 1 0 times (by weight) the amount 
of the polymer. Specific examples of such a solvent include a halogenated hydrocarbon such as chloroform and dichlo- 
romethane; an aromatic hydrocarbon such as toluene, o-xylene, m-xylene and p-xylene; cyclic ether such as tetrahy- 

40 drofuran; acetone; and N,N-dimethylformamlde. If the solvent used in the preparation of the high molecular weight 
lactic acid polymer is also applicable to the hydrolysis of the polymer, the polymerization and the hydrolysis may be 
continuously performed without Isolation of the high molecular weight lactic acid polymer. 

[0073] The amount of the solvent to be used for dissolving the high molecular weight lactic acid polymer is generally 
0.1 to 1 00 times, preferably 1 to 10 times the amount of the lactic acid polymer to be a solute. 
45 [0074] The amount of water to be added is generally 0.001 to 1 time (by weight), preferably of 0.01 to 0.1 times (by 
weight) the amount of the high molecular weight lactic acid polymer 

[0075] Examples of the acid to be optionally added include inorganic acid such as hydrochloric acid, sulfuric acid 
and nitric acid; and organic acid such as lactic acid, acetic acid and trifluoroacetic acid, and lactic acid is preferred. 
[0076] The amount of such an acid to be added is generally 0 to 1 0 times (by weight), preferably of 0.1 to 1 time (by 
so weight) the amount of the high molecular weight lactic acid polymer. 

[0077] The reaction temperature of the hydrolysis is generally from 0 to 150°C, preferably from 20 to B0°C. 
[0078] The reaction time of the hydrolysis may vary depending on the weight average molecular weight of the high 
molecular weight lactic acid polymer and the reaction temperature, and is generally from 10 minutes to 100 hours, 
preferably from 1 to 20 hours. 

55 [0079] The timing of stopping the hydrolysis process may be determined based on the weight average molecular 
weight of the hydrolysis product. Specifically, samples are taken at any appropriate time during the hydrolysis process, 
the weight average molecular weight of the hydrolysis product in the sample is measured by Gel Permeation Chroma- 
tography (GPC), and then the hydrolysis process is stopped if the molecular weight is determined as being from about 
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15000 to 50000, preferably from about 15000 to 30000, more preferably from about 17000 to 26000, particularly pref- 
erably from 1 7500 to 25500. 

[0080] After the above described hydrolysis of the high molecular weight lactic acid polymer, the desired lactic acid 
polymer may be precipitated from the resulting solution which contains the hydrolysis product. For example . the hy- 
5 drolysis product-containing solution is brought into contact with a solvent that can induce precipitation of the desired 
lactic acid polymer. 

[0081] In a preferred aspect, the hydrolysis product-containing solution is a 10 to 50 wt% solution of the lactic acid 
polymer with a weight average molecular weight of .15000 to 50000 : preferably of 15000 to 30000, more preferably of 
1 7000 to 26000, particularly preferably of 1 7500 to 25500 in a solvent capable of dissolving a high molecular weight 
10 lactic acid polymer, for example, halogenated hydrocarbon such as chloroform and dichloromethane; aromatic hydro- 
carbon such as toluene, o-xyJene, m-xylene and p-xylene; cyclic ether such as tetrahydrofuran; acetone; N,N-dimeth- 
ylformamlde; dichloromethane; or xylene. 

[0082] Examples of a solvent wfth which the desired lactic acid polymer can be precipitated from the hydrolysis 
product-containing solution include alcohols such as methanol and ethanol, chain ethers such as isopropyl ether, 
is aliphatic hydrocarbons such as hexane, and water. 

[0083] The amount of the solvent to be used in order to precipitate the desired lactic acid polymer is generally 0.1 
to 100 times (by weight), preferably of 1 to 10 times (by weight) the amount of a solvent of the hydrolysis product- 
containing solution. 

[0084] Preferred combination of the type and amount of each solvent may be a combination of a hydrolysis product- 
20 containing solution in which dichloromethane in an amount of 1 to 5 times (by weight) the amount of the solute is used 
and isopropyl ether as a solvent for reducing the solubility in an amount of 2 to 10 times (by weight) the amount of the 
dichloromethane. 

[0085] When the hydrolysis product-containing solution is contacted with the solvent for precipitating the desired 
lactic acid polymer, the temperature of the solvent is generally set at -20 to 60°C, preferably 0 to 40°C, and the tem- 

25 perature of the hydrolysis product-containing solution is generally set at 0 to 40°C, preferably 10 to 30°C. 

[0086] Examples of a method for contacting the solvent with the hydrolysis product-containing solution include a 
method of adding the hydrolysis product-containing solution to the solvent at a time, a method of adding the hydrolysis 
product-containing solution dropwise to the solvent, a method of adding the solvent to the hydrolysis product -containing 
solution at a time, and a method of adding the solvent dropwise to the hydrolysis product-containing solution. 

30 [0087] The lactic acid polymer of the present invention obtained as shown above is preferably used as a base material 
for a sustained-release preparation, because the amount of its terminal carboxyl group is in a preferred range for such 
a base material. 

[0088] And, examples of the biocompatible polymer include polystyrene, polymeth aery lie acid, a copolymer of acrylic 
acid and methacrylic acid, polyamino acid, dextran stearate, ethyl cellulose, acetyl cellulose, nitrocellulose, a maleic 
35 anhydride-based copolymer, an ethylene vinylacetate-based copolymer, polyvinyl acetate, and polyacrylamide. 

[0089] One of these polymers may be used alone, or two or more thereof may be used in the form of a copolymer 
or a simple mixture, or any salt thereof may be used. 

[0090] The concentration of the polymer In an oil phase may be from about 0.5 to about 90% (w/w), preferably from 
about 2 to about 60% (w/w). 

40 [0091] Examples of the drug carrier to be used in the present invention include albumin, gelatin, citric acid, salicylic 
acid, sodium ethylenediaminetetraacetate, dextrin, sodium hydrogen sulfite, polyol compounds such as polyethylene 
glycol, agar, alginic acid, polyvinyl alcohol, and a basic amino acid. 

[0092] The microsphere of the present invention may be produced by an in-water drying method, preferably by a 
(W/oyw type, O/W type or S/O/W type In-water drying method. 

45 [0093] The (W/0)/W type in-water drying method may comprise preparing a W/O type emulsion that consists of an 
inner aqueous phase of a liquid containing a physiologically active substance or a salt thereof and an oil phase of a 
solution containing a polymer; dispersing the emulsion into an aqueous phase containing an osmotic pressure regu- 
lating agent to prepare a (W/0)/W type emulsion; and subjecting the emulsion to an in-water drying method to remove 
a solvent from the oil phase so that microspheres are produced which contain the physiologically active substance or 

so a salt thereof and the polymer. 

[0094] The O/W type in-water drying method may comprise dispersing an oil phase into an aqueous phase containing 
an osmotic pressure regulating agent to prepare an O/W type emulsion, wherein the oil phase comprises a physiolog- 
ically active substance or a salt thereof and a polymer; and subjecting the emulsion to an in-water drying method to 
remove a solvent from the oil phase so that microspheres are produced which contain the physiologically active sub- 

55 stance or a salt thereof and the polymer. 

[0095] The S/O/W type in-water drying method may comprise dispersing a physiologically active substance or a salt 
thereof into an oil phase of a solution containing a polymer; dispersing the dispersion into an aqueous phase containing 
an osmotic pressure regulating agent to prepare an S/O/W type emulsion; and subjecting the emulsion to an in-water 
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drying method to remove a solvent from the oil phase so that microspheres are produced which contain the physio- 
logically active substance or a salt thereof and the polymer. 

[0096] The osmotic pressure regulating agent to be used in the present invention may be any substance capable of 
producing an osmotic pressure in an aqueous solution. 
5 [0097] Examples of the osmotic pressure regulating agent include alcohols such as polyhydric alcohol and mono- 
hydric alcohol; sugars such as monosaccharide, disaccharide and oligosaccharide; water-soluble amino acids, pep- 
tides or proteins; salts of water-soluble amino acid; and derivatives thereof. 

[0098] Examples of the polyhydric alcohol include trihydric alcohols such as glycerin; pentahydric alcohols such as 
arabltol, xylitol and adonitoi; and hexahydric alcohols such as mannitol, sorbitol and dulcitol. The hexahydric alcohols 
10 are preferred, and mannitol is particularly preferred. 

[0099] Examples of the monohydric alcohol include methanol, ethanol and isopropyl alcohol, and ethanol is preferred. 
[0100] Examples of the monosaccharides include pentoses such as arabinose, xylose, ribose and 2-deoxyribose; 
and hexoses such as glucose, fructose, galactose, man nose, sorbose, rhamnose and fucose. The hexoses are par- 
ticularly preferred. 

15 [0101] Examples of the disaccharides include maltose, cellobiose, ct.oc-trehalose, lactose and sucrose. In particular, 
lactose and sucrose are preferred. 

[0102] Examples of the oligosaccharides include trisaccharides such as mattotriose and raffinose; and tetrasaccha- 
rides such as stachyose. The trisaccharides are particularly preferred. 

[0103] Examples of the derivatives of monosaccharides, disaccharides or oligosaccharides include glucosamine, 

20 galactosamine, glucuronic acid and galacturonic acid. 

[0104] The above amino acid may be any L-form amino acid. Examples of such an amino acid include neutral amino 
acid such as glycine, alanine, valine, leucine, isoleucine, phenylalanine, tyrosine, tryptophan, serine, threonine, proline, 
hydroxyproline, cysteine and methionine; acidic amino acid such as aspartic acid and glutamic acid; and basic amino 
acid such as lysine f arginine and histidine. Glycine, leucine orarginine is preferably used, and L-arginine is particularly 

25 preferred. Also applicable is a salt of the water-soluble amino acid such as an acid salt of the water-soluble amino acid 
(such as a salt of hydrochloric acid, sulfuric acid, phosphoric acid or the like) and an alkali salt of the water-soluble 
amino acid (such as a salt of an alkali metal such as sodium and potassium or the like). 

[0105] Examples of the water-soluble peptides, proteins or derivatives thereof include casein, globulin, prolamin, 
albumin, and gelatin. 

30 [0106] One or more of these osmotic pressure regulating agents may be used alone or in combination. 

[0107] The amount of the physiologically active substance or a salt thereof to be used may vary depending on the 
type of the drug, the desired pharmacological effect, the desired effect duration, or the like. For example, the concen- 
tration of the physiologically active substance or a salt thereof in an inner aqueous phase is from about 0.001% to 
about 90% (w/w), more preferably from about 0.01% to about 80% (w/w), particularly preferably from about 0.01% to 

35 about 70% (w/w). 

[0108] The osmotic pressure regulating agent may be used at such a concentration that an outer aqueous phase 
has an osmotic pressure of about 1/50 to about 5 times, preferably of about 1/25 to about 3 times, more preferably of 
about 1/12 to about 2 times the osmotic pressure of isotonic sodium chloride solution. 

[0109] Specifically, If the osmotic pressure regulating agent is a nonionic substance, the concentration in an outer 
40 aqueous phase is from about 0.01% to about 60% (w/w), preferably from about 0.01% to about 40% (w/w), more 
preferably from about 0.05% to about 30% (w/w), particularly preferably from about 0.5% to about 1 .5% (w/w). If the 
osmotic pressure regulating agent is an ionic substance, the concentration may be calculated by dividing the above 
concentration by Its total ionic valence. The concentration of the added osmotic pressure regulating agent does not 
have to be equal to or lower than its solubility, and it may be partially In a dispersed state. 
45 [0110] According to the present invention, the addition of the osmotic pressure regulating agent to an outer aqueous 
phase can provide improved dispersibillty of the microsphere product. The degree of such improvement is not partic- 
ularly limited, but preferred is, for example, such a degree that about 400 to 700 mg of the microspheres can be 
dispersed in 1 .5 ml of a dispersion medium for injection in less than 2 minutes. 

[0111] Hereinafter, a method of producing microspheres by a (W/0)/W type-in-water drying method according to the 
so present invention is explained. 

[0112] In the process as described below, the following ingredients may be added to an inner aqueous phase as 
needed: 

(1) Drug carrier: albumin, gelatin, citric acid, salicylic acid, sodium ethylenediaminetetraacetate, dextrin, sodium 
55 hydrogen sulfite, polyol compounds such as polyethylene glycol, agar, alginic acid, polyvinyl alcohol, basic amino 

acid, or the like; 

(2) pH regulator for keeping the stability and solubility of a physiologically active substance or a salt thereof: car- 
bonic acid, acetic acid, oxalic acid s citric acid, phosphoric acid, hydrochloric acid, sodium hydroxide, arginine, 
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lysine, a salt thereof, or the like; 

(3) Stabilizer for a physiologically active substance or the salt thereof: albumin, gelatin, citric acid, sodium ethyl- 
enediaminetetraacetate, dextrin, sodium hydrogen sulfite, polyol compounds such as polyethylene glycol, or the 
like; 

5 (4) Preservative: para-hydroxybenzoate esters (such as methyl paraben and propyl paraben), benzyl alcohol, 

chlorobutanol, thimerosal, or the like. 

(I) O/W Method 

10 [0113] For this method, first, a solution of the polymer In an organic solvent is prepared. The organic solvent for use 
in production of the microspheres of the present invention preferably has a boiling point of 120°C or lower. 
[0114] Examples of such an organic solvent include halogenated hydrocarbon (such as dichloromethane, chloroform, 
dichloroethane, trichloroethane, and carbon tetrachloride), ether (such as ethyl ether and isopropyl ether), fatty acid 
ester (such as ethyl acetate and butyl acetate), aromatic hydrocarbon (such as benzene, toluene and xylene), alcohol 

is (such as ethanol and methanol), and acetonitrile. Preferred is halogenated hydrocarbon, and more preferred is dichlo- 
romethane. The organic solvent may be any mixture of the above-mentioned solvents in the appropriate ratio. In such 
a case, a mixture of halogenated hydrocarbon and alcohol is preferred, and a mixture of dichloromethane and ethanol 
is more preferred. 

[0115] The concentration of the polymer in the organic solvent solution may vary depending on the molecular weight 

20 of the polymer or the type of the organic solvent. In a case where dichloromethane is used as the organic sorvent, for 
example, such a concentration is selected from the range of generally from about 0.5 to about 70% by weight, more 
preferably from about 1 to about 60% by weight, particularly preferably from about 2 to about 50% by weight. 
[0116] In a case where a mixture of dichloromethane and ethanol is used as the organic solvent, the content of 
ethanol in the mixture solvent is selected from the range of generally from about 0.01 to about 50% (v/v), more preferably 

25 from about 0.05 to about 40% (v/v), particularly preferably from about 0.1 to about 30% (v/v). 

[0117] To the solution of the polymer in an organic solvent thus obtained, the physiologically active substance or a 
salt thereof is added and then dissolved or dispersed. In this process, the physiologically active substance or a salt 
thereof is added in such an amount that the weight ratio of the physiologically active substance or a salt thereof to the 
polymer is not more than about 1:1, preferably about 1 :2. 

so [01 1 8] The resulting solution of a composition comprising the physiologically active substance or a salt thereof and 
the polymer in an organic solvent is then added to an aqueous phase to form an O (oil phase)/W (aqueous phase) -type 
emulsion. Thereafter, the solvent is evaporated from the oil phase so that microspheres are prepared. In this process, 
the volume of the aqueous phase is selected from the range of generally from about 1 time to about 10,000 times, 
more preferably from about 5 times to about 50,000 times, particularly preferably from about 10 times to about 2,000 

35 times the volume of the oil phase. 

[0119] Besides the osmotic pressure regulating agent, an emulsifier may also be added to the outer aqueous phase. 
Such an emulsifier may be any emulsifier capable of forming a stable O/W-type emulsion. Specific examples of such 
an emulsifier include an anionic surfactant (such as sodium oleate, sodium stearate and sodium lauryl sulfate), a 
n on ionic surfactant [such as polyoxy ethylene sorbltan fatty acid ester (such as Tween 80 and Tween 60, Atlas Powder 

40 Company) and polyoxyethylene castor oil derivative (such as HCO-60 and HCO-50, Nikko Chemicals)), polyvinylpyr- 
rolidone, polyvinyl alcohol, carboxymethyl cellulose, lecithin, gelatin, and hyaluronic acid. One or more of the above- 
mentioned emulsrfiers may be used alone or in combination. It is preferably used in a concentration of about 0.01 to 
10% by weight, more preferably of about 0.05 to about 5% by weight. 

[0120] The organic solvent may be removed by a known method or a modified method based on the known method. 

45 Examples of such a method include a method comprising evaporating the organic solvent under normal atmospheric 
pressure or gradually reduced pressure while stirring with a propeller stirrer, a magnetic stirrer or the like, and a method 
comprising evaporating the organic solvent under a regulated vacuum with a rotary evaporator or the like. 
[0121] The microspheres thus obtained are collected by centrifugation or filtration, washed with distilled water several 
times to remove the free physiologically active substance, the emulsifier and the like adhered to the surfaces of the 

so microspheres, dispersed in distilled water or the like again, and then lyophilized. 

[0122] During the process of producing the microspeheres, an antiflocculant may be added for preventing flocculation 
of the particles. Examples of such an antiflocculant include mannitol, lactose, glucose, water-soluble polysaccharide 
such as starch (such as cornstarch), amino acid such as glycine, and protein such as fibrin and collagen. In particular, 
mannitol is preferred. 

55 [0123] The antiflocculant such as mannitol is generally added in an amount of 0 to about 24% by weight based on 
the total amount of the microspheres. 

[0124] After the lyophilization, if desired, water and the organic solvent may be removed from the microspheres under 
reduced pressure by heating under such conditions that the microspheres are not fused with each other. Preferably, 
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the microspheres are heated at about the intermediate glass transition temperature of the polymer, which is determined 
with a differential scanning calorimeter under the condition of the temperature rising rate of 10°C to 20°C per minute, 
or a slightly higher temperature than the intermediate glass transition temperature. More preferably, the microspheres 
are heated at about the intermediate glass transition temperature of the polymer to about 30°C higher temperature 
s than the glass transition temperature. Particularly when the polymer is a lactic acid-glycolic acid polymer, the micro- 
spheres are preferably heated at about its intermediate glass transition temperature to about 1 0°C higher temperature 
than the Intermediate glass transition temperature : more preferably at about its intermediate glass transition temper- 
ature to about 5°C higher temperature than the intermediate glass transition temperature. 

[0125] The heating time may vary depending on the amount of the microspheres or the like. It is generally from about 
io 1 2 hours to about 1 68 hours, preferably from about 24 hours to about 1 20 hours, particularly preferably from about 48 
hours to about 96 hours, after the microspheres reach the desired temperature. 

[0126] A method for heating the microspheres may be any method capable of heating a population of microspheres 
uniformly and is not particularly limited. 

[0127] Examples of the heat drying method include a method of heat drying in a constant-temperature bath, a fluid- 
15 ized-bed bath, a mobile bath or a kiln and a method of heat drying with a microwave. Preferred is a method of heat 
drying in a constant-temperature bath. 

(II) W/O/W Method 

20 [0128] First, a solution of the polymer in an organic solvent is prepared. 

[0129] Examples of the organic solvent include halogenated hydrocarbon (such as dichlorom ethane, chloroform, 
dichloroethane, trichloroethane, and carbon tetrachloride), ether (such as ethyl ether and isopropyl ether), fatty acid 
ester (such as ethyl acetate and butyl acetate), aromatic hydrocarbon (such as benzene, toluene and xylene), alcohol 
(such as ethanol and methanol), and acetonitrile. Preferred is halogenated hydrocarbon, and more preferred is dichlo- 

25 romethane. The organic solvent may be any mixture of the above-mentioned solvents in the appropriate ratio. In such 
a case, a mixture of halogenated hydrocarbon and alcohol is preferred, and a mixture of dichloromethane and ethanol 
is more preferred. 

[0130] The concentration of the polymer in the organic solvent solution may vary depending on the molecular weight 
of the polymer or the type of the organic solvent. In a case where dichloromethane is used as the organic solvent, for 

30 example, such a concentration is selected from the range of generally from about 0.5 to about 70% by weight, more 
preferably from about 1 to about 60% by weight, particularly preferably from about 2 to about 50% by weight. 
[0131] To the solution of the polymer in an organic solvent (an oil phase), the physiologically active substance, a salt 
thereof or a solution of the salt [wherein the solvent is water or a mixture of water and alcohol (such as methanol or 
ethanol)] is then added. The resulting mixture is emulsified by any known method such as with a homogenizer or 

35 sonication to form a W/O-type emulsion. 

[0132] The resulting W/O-type emulsion comprising the physiologically active substance or a salt thereof and the 
polymer is then added to an aqueous phase to form a W(inner aqueous phase)/0(oii phase)/W(outer aqueous phase)- 
type emulsion. Thereafter, the solvent is evaporated from the oil phase so that microspheres are prepared. In this 
process, the volume of the outer aqueous phase is selected from the range of generally from about 1 time to about 

40 1 0,000 times, more preferably from about 5 times to about 50,000 times, particularly preferably from about 10 times 
to about 2,000 times the volume of the oil phase. 

[0133] The osmotic pressure regulating agent and emulsffier that may be optionally added to the outer aqueous 

phase and the subsequent preparation method may be the same as described in the above section (I). 

[0134] An emulslfier may be added to the outer aqueous phase. Such an emulslfier may be any emulsifier capable 

45 of forming a stable O/W-type emulsion. Specific examples of such an emulsifier include an anionic surfactant (such 
as sodium oleate, sodium stearate and sodium lauryl sulfate), a nonlonic surfactant [such as polyoxy ethylene sorbttan 
fatty acid ester (such as Tween 80 and Tween 60, Atlas Powder Company) and polyoxyethylene castor oil derivative 
(such as HCO-60 and HCO-50, Nikko Chemicals)], polyvinylpyrrolidone, polyvinyl alcohol, carboxymethyl cellulose, 
lecithin, gelatin, and hyaluronic acid. One or more of the above-mentioned emulsifiers may be used alone or in com- 

50 bination. It is preferably used in a concentration of about 0.01 to 1 0% by weight, more preferably of about 0.05 to about 
5% by weight. 

[0135] The organic solvent may be removed by a known method or a modified method based on the known method. 
Examples of such a method include a method comprising evaporating the organic solvent under normal atmospheric 
pressure or gradually reduced pressure while stirring with a propeller stirrer, a magnetic stirrer, an ultrasonic generator 
55 or the like, a method comprising evaporating the organic solvent under a regulated vacuum with a rotary evaporator 
or the like, and a method comprising gradually removing the organic solvent using a dialysis membrane. 
[0136] The microspheres thus obtained are collected by centrifugation or filtration, washed with distilled water several 
times to remove the free physiologically active substance or a salt thereof, the drug carrier, the emulsifier and the like 
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adhered to the surfaces of the microspheres, dispersed in distilled water or the like again, and then lyophilized. 
[0137] During the process of producing the microspeheres, an antiflocculant may be added for preventing flocculation 
of the particles. Examples of such an antiflocculant include mannitol, lactose, glucose, water-soluble polysaccharide 
such as starch (such as cornstarch), amino acid such as glycine, and protein such as fibrin and collagen. In particular, 
5 mannitol is preferred. 

[0138] The antiflocculant such as mannitol is generally added in an amount of 0 to about 24% by weight based on 
the total amount of the microspheres. 

[0139] After the lyophilization, If desired, water and the organic solvent may be removed from the microspheres under 
reduced pressure by heating under such conditions that the microspheres are not fused with each other. Preferably, 

10 the microspheres are heated at about the intermediate glass transition temperature of the polymer, which is determined 
with a differential scanning calorimeter under the condition of the temperature rising rate of 1 0°C to 20°C per minute, 
or a slightly higher temperature than the intermediate glass transition temperature. More preferably, the microspheres 
are heated at about the intermediate glass transition temperature of the polymer to about 30°C higher temperature 
than the glass transition temperature. Particularly when the polymer is a lactic acid-glycolic acid polymer, the micro- 

15 spheres are preferably heated at about its intermediate glass transition temperature to about 1 0°C higher temperature 
than the intermediate glass transition temperature, more preferably at about its intermediate glass transition temper- 
ature to about 5°C higher temperature than the intermediate glass transition temperature. 

[0140] The heating time may vary depending on the amount of the microspheres orthe like. It is generally from about 
12 hours to about 1 68 hours, preferably from about 24 hours to about 120 hours, particularly preferably from about 48 
2Q hours to about 96 hours, after the microspheres reach the desired temperature. 

[0141] A method for heating the microspheres may be any method capable of heating a population of microspheres 
uniformly and is not particularly limited. 

[0142] Examples of the heat drying method include a method of heat drying in a constant-temperature bath, a fluid - 
ized-bed bath, a mobile bath or a kiln and a method of heat drying with a microwave. Preferred is a method of heat 

25 drying in a constant-temperature bath. 

[0143] The microsphere of the present invention produced by the method of the present invention refers to an in- 
jectable spherical fine particle which can be dispersed in a solution. For example, its shape and form can be determined 
by observation with a scanning electron microscope. The microsphere may be in the form of a microcapsule or a 
microparticle, and the microcapsule is preferred. 

30 [0144] The weight content of the physiologically active substance or a salt thereof in the microsphere of the present 
invention may vary depending on the type of the physiologically active substance or a salt thereof, the desired phar- 
macological effect, the desired effect duration, and the like. For example, when the physiologically active substance 
or a salt thereof is a physiologically active peptide or a salt thereof, the content may be from about 0.001 to about 50% 
by weight, preferably from about 0.02 to about 40% by weight, more preferably from about 0.1 to about 30% by weight, 

35 still more preferably about 0.1 to about 24% by weight, most preferably from about 3 to about 24% by weight, based 
on the total weight of the microsphere. When the physiologically active substance or a salt thereof is a non-peptidic 
physio logically active substance or a salt thereof , the content may be from about 0.01 to about 80% by weight, preferably 
from about 0.1 to about 50% by weight. 

[01 45] The weight content of the polymer in the microsphere of the present invention may be from about 50 to about 
40 1 00% by weight, preferably from about 70 to about 1 00% by weight, more preferably from about 85 to about 95% by 
weight, based on the total weight of the microsphere. 

[0146] The weight content of the drug carrier in the microsphere of the present invention may be from about 0.01 to 
about 50% by weight, preferably from about 0.1 to about 30% by weight, more preferably from about 5 to about 15% 
by weight, based on the total weight of the microsphere. 
45 [0147] The microsphere of the present invention has few small pores on the surface and has a good dispersibillty in 
a suspension for injection. 

[0148] Since the microsphere of the present invention has such a good dispersibillty, a large amount of the micro- 
spheres can be suspended in a suspension for injection. Thus, a suspension for injection can eventually contain a 
large amount of the physiologically active substance or a salt thereof, even if the microsphere does not contain a drug 

so carrier such as hydroxy naphthoic acid. 

[0149] The microsphere of the present invention may be administered, as it is or after formulation into various dosage 
forms, as an injection or implant for muscle, subcutis, organ orthe like, a transmucosal agent for nasal cavity, rectum, 
uterus or the like, or an oral agent (such as a capsule (such as a hard capsule and a soft capsule), a solid preparation 
such as a granule and a powder, and a liquid preparation such as a syrup, an emulsion and a suspension) orthe like. 

55 [0150] For example, the microspheres of the present invention may be mixed with a dispersion medium such as a 
dispersing agent (such as a surfactant such as Tween 80 and HCO-60; and polysaccharide such as sodium hyaluronic 
acid, carboxymethylcellulose and sodium alginate), a preservative (such as methyl paraben and propyl paraben). and 
an isotonic agent (such as sodium chloride, mannitol, sorbitol, glucose, and proline) to prepare an aqueous suspension, 
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or mixed with a dispersion medium such as a vegetable oil such as sesame oil and corn oil to prepare an oily suspension, 
so that a practical sustained-release injection can be prepared. 

[0151] The particle diameters of the microspheres of the present invention for use in the suspension injection should 
be in such a range that they have a satisfactory dispersibility and a satisfactory ability to pass through a needle. For 
5 example, the microspheres have an average particle diameter of about 0.1 to 300 u.m, preferably of about 0.5 to 150 
urn, more preferably from about 1 to 100 um. 

[0152] _ The microspheres of the present invention may be formulated into a sterile preparation by any method includ- 
ing, but not limited to, sterile conditions during all preparation steps,sterilization with gamma radiation and addition of 
an antiseptic. 

10 [0153] For the above sustained-release microsphere injection, an excipient (such as mannftol, sorbitol, lactose, and 
glucose) may be added to the above components of the suspension, and the suspension may be re-dispersed and 
then freeze-dried or spray-dried to obtain a solid. At the time of administration, distilled water for injection or any ap- 
propriate dispersion medium may be added to the solid to prepare a more stable sustained-release injection. 
[0154] In a case where an excipient such as mannitol is added to the sustained-release microsphere injection, the 

15 content of the excipient may be from about 0 to 50% by weight, preferably from about 1 to 20% by weight, based on 
the total amount of the injection. 

[0155] In a case where the sustained-release microsphere injection is dispersed in distilled water for injection or any 
appropriate dispersion medium at the time of administration, the content of the microspheres may be from about 1 to 
80% by weight, preferably from about 10 to 60% by weight, based on the total amount of the dispersion medium and 
20 the microspheres. 

[0156] The microspheres of the present invention may be formulated into an oral preparation according to any known 
method. For example, the microspheres of the present invention are mixed with an excipient (such as lactose, white 
sugar and starch), a disintegrator (such as starch and calcium carbonate), a binder (such as starch ; gum arabic, car- 
boxymethyl cellulose, polyvinylpyrrolidone, and hydroxypropyl cellulose), a lubricant (such as talc, magnesium stearate . 

25 and polyethylene glycol 6000) or the like, compression-molded, and then, if necessary, coated by any known method 
for the purpose of masking the taste or giving enteric or sustained-release property to obtain a oral preparation. Ex- 
amples of such a coating agent include hydroxypropy Imethyl cellulose, ethyl cellulose, hydro xym ethyl cellulose, hy- 
droxypropyl cellulose, polyoxy ethylene glycol, Tween 80, Pluronic F68, cellulose acetate phthalate, hydroxypropy Ime- 
thyl cellulose phthalate, hydroxymethyl cellulose acetate succinate, Eudragrt (manufactured by Rohm Company, Ger- 

30 many, methacrylic acid-acrylic acid copolymer), and a pigment such as titanium oxide and colcothar. 

[0157] The microspheres produced according to the method of the present invention may be formulated into a nasal 
preparation in the form of a solid, semi-solid or liquid by any known method. For example, the solid nasal preparation 
may be made of the microspheres by themselves or may be produced by adding and mixing an excipient (such as 
glucose, mannitol, starch, and microcrystalline cellulose), a thickener (such as natural gum, a cellulose derivative and 

35 an acrylic acid polymer) or the like to form a powdered composition. The liquid nasal preparation may be produced as 
an oily or aqueous suspension in a similar manner to the above injection. The semi-solid preparation is preferably 
produced as an aqueous or oily gel or an ointment form. These nasal preparations may contain a pH regulator (such 
as carbonic acid, phosphoric acid, citric acid, hydrochloric acid, and sodium hydroxide), an antiseptic (such as a para- 
hydroxybenzoate ester, chlorobutanol and benzalkonium chloride) or the like. 

40 [0158] The microspheres of the present invention may be formulated into a suppository in the form of an oily or 
aqueous solid or semi-solid or a liquid according to any known method. An oily base used for the above suppository 
may be any oily base that does not allow the microsphere to dissolve. Examples of such an oily base include glycerlde 
of higher fatty acid [such as cacao butter and Wftepsol-series products (Dynamite Nobel)], medium fatty acid [such as 
Miglyol-series products (Dynamite Nobel)], and a vegetable oil (such as sesame oil, soybean oil and cottonseed oil). 

45 Examples of an aqueous base include polyethylene glycols and propylene glycol. Examples of aqueous gel base 
include natural gums, cellulose derivatives, vinyl polymers, and acrylic acid polymers. 
[0159] The microspheres of the present invention are preferably used as an injection. 

[0160] The content of the microspheres of the present invention in the sustained-release composition of the present 
invention is preferably, but not limited to, at least about 70% by weight. 
50 [0161] The microsphere of the present invention is less toxic and thus may be used as a safe pharmaceutical or the 
like for a mammal (such as human, bovine, swine, dog, cat, mouse, rat, and rabbit). 

[0162] The dose of the microspheres of the present invention or sustained-release composition thereof may vary 
depending on the type and content of the physiologically active substance or a salt thereof as the main drug, the dosage 
form, the duration of release of the physiologically active substance or a salt thereof, the target disease, the target 
55 animal, or the like, but may be set so as to provide an effective amount of the physiologically active substance or a 
salt thereof. In a case where the sustained-release composition is a six month preparation, for example, the dose of 
the physiologically active substance or a salt thereof as the main drug may be selected from the range of about 0.01 
mg to 1 0 mg/kg, more preferably about 0.05 mg to 5 mg/kg of body weight for an adult. 
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[0163] The dose of the microspheres may be selected from the range of about 0.05 mg to 50 mg/kg. more preferably 
from about 0.1 mg to 30 mg/kg of body weight for an adult. 

[0164] The frequency of administration may be once every several weeks, once a month, once every several months 
(such as three, four or six months), or the like and appropriately selected depending on the type and content of the 

5 physiologically active substance or a salt thereof as the main drug : the dosage form, the duration of release of the 
physiologically active substance or a salt thereof, the target disease, the target animal, or the like. 
[0165] _The microsphere of the present invention or a sustained- release composition thereof may be used as an 
agent for preventing or treating various diseases depending on the- type of the physiologically active substance or a 
salt thereof contained therein. In a case where the physiologically active substance or a salt thereof is an LH-RH 

10 derivative, for example, the microsphere of the present invention or a sustained-release composition thereof may be 
used as an agent for preventing or treating a hormone-dependent disease, especially hormone-dependent cancer 
(such as prostatic cancer, uterus cancer, breast cancer, and pituitary tumor); a sex hormone-dependent disease such 
as prostatic hypertrophy, endometriosis, hysteromyoma, precocious puberty, dysmenorrhea!, amenorrhea, premen- 
strual syndrome, and multilocular ovarian syndrome; or such a disease as Alzheimer's disease and immunodeficiency; 

is or may be used as an agent for contraception (or for preventing or treating infertility, if a rebound effect is used after 
the drug holiday). The microsphere of the present invention or a sustained-release composition thereof may also be 
used as an agent for preventing or treating benign or malignant tumor that is not dependent on sex hormone but 
sensitive to LH-RH. 

[0166] In order to produce the microspheres having improved dispersibilrty according to the present invention, the 
20 osmotic pressure regulating agent may be used in an outer aqueous phase when an emulsion containing the physio- 
logically active substance or a salt thereof and the polymer is subjected to in-water drying. 

[0167] The present invention is more specifically described by means of the following reference examples and ex- 
amples, which are not intended to limit the scope of the present invention. 

25 EXAMPLES 

[0168] In the following reference examples and examples, weight average molecular weight is determined in terms 
of polystyrene molecular weight by gel permeation chromatography (GPC) using monodisperse polystyrene as a ref- 
erence material, and the content of each polymer is calculated from each weight average molecular weight. Each 
30 measurement is performed in a high performance GPC system (HLC-8120GPC manufactured by Tosoh Corporation) 
with SuperH4000x2 and SuperH2000 columns (each manufactured by Tosoh Corporation) and a mobile phase of 
tetrahydrofuran at a flow rate of 0.6 ml/mi n. The detection is based on differential refractive index. 

Reference Example 1 : Synthesis of High Molecular Weight Lactic Acid Polymer 

35 

[0169] To 230 ml of dehydrated xylene were added 4.1 ml of a 1 .0 mol/l diethylzinc hexane solution, 1 .35 g of tert- 
butyl lactate and 230 g of DL-lactide and underwent polymerization reaction at 1 20 to 1 30°C for about two hours. After 
the reaction was completed, 120 ml of dichlo rom ethane was poured Into the reaction liquid, and 230 ml of trifluoroacetlc 
acid was added to cause a deprotection reaction. After the reaction was completed, 300 ml of dichloromethane was 
40 added to the reaction liquid, which was then poured Into 2800 ml of isopropyl ether so that the desired product was 
precipitated. Re-precipitation with dichloromethane/isopropyl ether was repeated so that a lactic acid polymer with a 
weight average molecular weight of about 40000 was obtained. 

Reference Example 2 

45 

[0170] The polymer obtained in Reference Example 1 was dissolved in 600 ml of dichloromethane. After the resulting 
solution was washed with water until it became neutral, 70 g of an aqueous 90% lactic acid solution was added and 
allowed to react at 40° C. When the weight average molecular weight of the polymer dissolved in the reaction liquid 
became about 20,000, the reaction liquid was cooled to room temperature, and 600 ml of dichloromethane was poured 
so to stop the reaction. The reaction liquid was then washed with water until it became neutral. After the washing with 
water, the reaction liquid was concentrated to dryness to give a lactic acid polymer. In the resulting lactic acid polymer, 
the amount of the terminal carboxyl group was about 80 ujnol per 1 g of the polymer and the content of a polymer with 
a weight average molecular weight of 5000 or less was 7.29% by weight. 

55 Reference Example 3 (1 ) 

[0171] The polymer obtained in Reference Example 1 was dissolved in 600 ml of dichloromethane. After the resulting 
solution was washed with water until it became neutral, 70 g of an aqueous 90% lactic acid solution was added and 
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allowed to react at 40°C. When the weight average molecular weight of the polymer dissolved in the reaction liquid 
became about 20,000, the reaction liquid was cooled to room temperature, and 600 ml of dichloromethane was poured 
to stop the reaction. After the reaction liquid was washed with water until it became neutral, the reaction liquid was 
added drop wise to 2800 ml of isopropyl ether so that the desired lactic acid polymer was precipitated. The precipitate 
collected by decantation was dissolved in 600 ml of dichloromethane. The resulting solution was concentrated to dry- 
ness to give 160 g of a lactic acid polymer. In the resulting lactic acid polymer, the amount of the terminal carboxyl 
group was about 70 umol per 1 g of the polymer. Table 1 shows the weight average molecular weights of the high 
molecular weight lactic acid polymers used, the weight average molecular weights of the lactic acid polymers produced 
by the hydrolysis, and the weight average molecular weights and molecular weight distribution of the obtained target 
lactic acid polymer. 



Reference Examples 3 (2) to (6) 



20 



25 



30 



[0172] Lactic acid polymers according to the present invention were obtained in a similar manner to Reference Ex- 
ample 3 (1). Table 1 shows the weight average molecular weights of the high molecular weight lactic acid polymers 
used, the weight average molecular weights of the lactic acid polymers produced by the hydrolysis, and the weight 
average molecular weights and molecular weight distribution of the obtained target lactic acid polymers. 

[Table 1] 





Reference Example 3 


(D 


(2) 


(3) 


(4) 


(5) 


(6) 


Mw of High Molecular Weight Lactic Acid Polymer 


40500 


43600 


40400 


43300 


38600 


55000 


Mw of Hydrolysis Product 


22200 


22200 


22700 


22200 


18600 


27200 


Mw of Obtained Lactic Acid Polymer 


22900 


22200 


21900 


22300 


19400 


28200 


Molecular Weight Distribution (%) 


1 - 1000 


0.03 


0.07 


0.00 


0.01 


0.08 


0.04 


1 - 3000 


0.95 


1.12 


0.87 


0.09 


1.45 


0.62 


1 - 5000 


3.86 


4.17 


3.89 


3.92 


4.89 


2.50 



35 



[0173] Table 1 indicates that in each lactic acid polymer produced by the method according to the present invention, 
the content of a polymer with a weight average molecular weight of 5000 or less is at most about 5% by weight; the 
content of a polymer with a weight average molecular weight of 3000 or less is at most about 1 .5% by weight; and the 
content of a polymer with a weight average molecular weight of 1000 or less is at most about 0.1% by weight. 



Comparative Example 1 



40 



45 



50 



[0174] In 354.3 g of dichloromethane was dissolved 205.5 g of a DL-lactic acid polymer (with a weight average 
molecular weight of 21 .400 and a carboxyl amount of 76.1 u.mol/g determined by labeling quantitative determination) 
which was obtained in a similar manner to Reference Example 3 (1). The resulting solution was filtered underpressure 
with a 0.2 u,m filter (DFA4201 FRP, EM FLOW) and adjusted to 28.8°C. After 380.4 g of the resulting organic solvent 
solution was weighed out, it was mixed with an aqueous solution of 16.11 g of peptide A acetate in 16.22 g of distilled 
water, which was previously heated to 55. 4° C. The mixture was stirred for 1 minute to be roughly emulsified and then 
emulsified at 10,150 rpm with a mini mixer for 2 minutes to form a W/O emulsion. After cooled to 18°C, the W/O 
emulsion was poured into 25 liters of an aqueous 0.1% (w/w) polyvinyl alcohol (EG-40 manufactured by The Nippon 
Synthetic) solution which was previously adjusted to 1 8.7°C over 3 minutes and 10 seconds and then stirred at 7,001 
rpm with Homomic Line Flow (manufactured by Tokushu Kika Kogyo Co., Ltd.) to form a W/O/W emulsion. The tem- 
perature of the W/OArV emulsion was adjusted to about 18.5°C for 30 minutes and then stirred for 2 hours and 30 
minutes without temperature adjustment so that dichloromethane and ethanol were volatilized or diffused into the outer 
aqueous phase and that the oil phase was solidified. After passed through a 75 u.m mesh sieve, the microspheres 
were continuously precipitated and collected at 2,000 rpm with a centrifuge (H-600S manufactured by Kokusan Cor- 
poration). The collected microspheres were dispersed in a small amount of distilled water again and passed through 
a 90 u,m mesh sieve. Thereto 18.85 g of mannftol was added and dissolved. The mixture was lyophilized to obtain 
microsphere powder. The mass and the yield of the resulting microsphere powder were 117.6 g and 68.54% respec- 
tively. The content of peptide A was 7.76%. An electron micrograph of the resulting microspheres is shown in Fig. 1 . 
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Example 1 

[0175] In 354.4 g of dichloromethane was dissolved 205.4 g of a DL-laclic acid polymer (with a weight average 
molecular weight of 21 ,400 and a carboxyl amount of 76.1 u.mol/g determined by labeling quantitative determination) 

5 which was obtained in a similar manner to Reference Example 3 (1). The temperature of the resulting solution was 
adjusted to 30°C. After 380.5 g of the resulting solution was weighed out, it was mixed with an aqueous solution of 
1 6.1 g of leuprorelin acetate in 1 6.2 g of distilled water, which was previously heated at 55°C. The mixture was emulsified 
with a mini mixer (Tokushu Kika Kogyo Co., Ltd.) to form a W/O emulsion (at a rotation speed of about 10,000 rpm). 
After cooled to about 18°C, the W/O emulsion was poured into 25 liters of an aqueous 0.1% (w/w) polyvinyl alcohol 

10 (EG-40 manufactured by The Nippon Synthetic) + 1% mannitol solution which was previously adjusted to about 1 8°C, 
and then secondarily emulsified with Homomic Line Flow (manufactured by Tokushu Kika Kogyo Co., Ltd.) to form a 
W/O/W emulsion (at a turbine rotation speed of about 7,000 rpm and a circulating pump rotation speed of about 2000 
rpm). The W/O/W emulsion was subjected to in-water drying for about 3 hours, passed through a standard 75 nm 
sieve, and then centrifuged (H-600S manufactured by Kokusan Corporation) to precipitate continuously and collect 

15 microspheres (at a rotation speed of about 2,000 rpm and a flow rate of about 600 ml/min). The collected microspheres 
were dispersed in a small amount of distilled water again and passed through a standard 90 ujn sieve. Thereto 1B.9 
g of mannitol was added. The mixture was lyophilized with a fyophiiizer (Triomaster manufactured by Kyowa Vacuum 
Engineering) to obtain powder (microsphere powder). An electron micrograph of the resulting microspheres is shown 
in Fig. 2. 

20 

Experimental Example 1 

[0176] About 660 mg of the microsphere powder produced in Comparative Example 1 or Example 1 was weighed 
in a coat 9P vial, which was then plugged with a rubber stopper and sealed with a screw cap. To the vial was added 
25 1 .5 ml of a dispersion medium for leuprorelin acetate (a mixture of 5% mannitol, 1% carmellose sodium and 0.1% 
polysorbate 80), and the time required for uniform dispersion to be attained was measured. 

[0177] Each .microsphere powder was dispersed by shaking at a shaking width of about 7 cm and a shaking speed 
of about 30 times/10 seconds according to instructions attached to a leuprorelin acetate vial preparation. The results 
are shown in Table 2. 

30 

[Table 2] 





Comparative Example 1 


Example 1 


Dispersion Time 


about 2 to 4 minutes 


8 to 23 seconds 
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Experimental Example 2 

[0178] About 660 mg of the microsphere C powder produced in Comparative Example 1 or Example 1 was charged 
into a 14$ type DPS (du al -chamber p refilled syringe) which was filled with a dispersion medium for leuprorelin acetate 
40 (the amount of the dispersion liquid: 1 .5 ml), and suspended. The time required for uniform dispersion to be attained 
was measured. 

[0179] Each microsphere powder was dispersed by tapping the syringe on a palm at a shaking width of about 3 cm 
and at a shaking speed of about 50 times/10 seconds according to instructions attached to a leuprorelin acetate DPS 
preparation. The results are shown in Table 3. 

45 

[Table 3] 





Comparative Example 1 


Example 1 


Dispersion Time 


about 2 to 6 minutes 


20 to 46 seconds 
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Industrial Applicability 

[0180] The microspheres of the present invention have improved dispersibility and thus can be dispersed at a high 
concentration in a dispersion medium such as distilled water for injection. 

55 
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Claims 



1 . A method of producing a microsphere having improved dispersibility, which comprises adding an osmotic pressure 
regulating agent to an outer aqueous phase in producing the microspheres by an in-water drying method. 

5 

2. The method according to claim 1 , wherein the dispersibility is improved to such a degree that about 400 to about 
700 mg of the microspheres can be dispersed in 1 .5 ml of a dispersion medium for injection in less than two minutes. 

3. The method according to claim 1 , wherein a W/O/W type emulsion is used in the In-water drying method. 

10 

4. The method according to claim 3, which further comprises adding a drug carrier to an inner aqueous phase. 

5. The method according to claim 1 , wherein an O/W type emulsion is used in the in-water drying method. 
15 6. The method according to claim 1 , wherein an S/O/W type emulsion is used in the in-water drying method. 

7. A method of producing microspheres, which comprises dispersing a W/O type emulsion in an outer aqueous phase 
that contains an osmotic pressure regulating agent, wherein the W/O type emulsion consists of an inner aqueous 
phase containing a physiologically active substance or a salt thereof and an oil phase of a solution containing a 

20 lactic acid polymer with a weight average molecular weight of 1 5000 to 50000 or a salt thereof; and subjecting the 

dispersion to an in-water drying method. 

8. The method according to claim 7, wherein the content of a polymer with a weight average molecular weight of 
5000 or less in the lactic acid polymer or the salt thereof is about 10% by weight or less. 

25 

9. The method according to claim 7, wherein the content of a polymer with a weight average molecular weight of 
5000 or less in the lactic acid polymer or the salt thereof is about 5% by weight or (ess. 



10. The method according to claim 7, wherein the content of a polymer with a weight average molecular weight of 
30 3000 or less in the lactic acid polymer or the salt thereof is about 1 ,5% by weight or less. 

11. The method according to claim 7, wherein the content of a polymer with a weight average molecular weight of 
1000 or less in the lactic acid polymer or the salt thereof is about 0.1% by weight or less. 

35 12. The method according to claim 7, wherein the weight average molecular weight of the lactic acid polymer or the 
salt thereof is 15000 to 40000. 



13. The method according to claim 7, wherein the weight average molecular weight of the lactic acid polymer or the 
salt thereof is 1 7000 to 26000. 

40 

14. The method according to claim 1 or 7, wherein the osmotic pressure regulating agent Is alcohol, sugar, amino acid, 
a peptide, a protein, a salt of water-soluble amino acid, or a derivative thereof or a mixture thereof. 

15. The method according to claim 1 or 7, wherein the osmotic pressure regulating agent is mannitol. 

45 

16. The method according to claim 1 or 7, wherein a concentration of the osmotic pressure regulating agent in the 
outer aqueous phase is a concentration at which the osmotic pressure of the outer aqueous phase is about 1/50 
to about 5 times the osmotic pressure of isotonic sodium chloride solution. 

so 17. The method according to claim 7, wherein the physiologically active substance is a water-soluble physiologically 
active substance. 



18. The method according to claim 7. wherein the physiologically active substance is a physiologically active peptide. 
55 19. The method according to claim 7, wherein the physiologically active substance is an LH-RH derivative. 
20. The method according to claim 7, wherein the LH-RH derivative is a peptide represented by the formula: 



20 
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5-oxo- Pro-Hi s-Trp-Ser-Tyr-Y-Leu-Arg- Pro- Z 

wherein Y represents DLeu, DAIa, DTrp, DSer (tBu), D2Nal orDHis (ImBzl) and Z represents NH-C 2 H 5 or Gly-NH 2 , 
or a salt thereof. 

21 . A microsphere produced by the method according to claim 1 or 7. 

22. A sustained-release composition comprising the microsphere according to claim 21 . 

23. The sustained-release composition according to claim 22, which Is for prevention or treatment of prostatic cancer, 
prostatic hypertrophy, endometriosis, hysteromyoma, metrofibroma, precocious puberty, dysmenorrhea or breast 
cancer, or for contraception. 

15 24. The sustained-release composition according to claim 22, which is for injection. 

25. The sustained-release composition according to claim 22, which further comprises mannitol. 

26. The sustained-release composition according to claim 22, which contains at least about 70% by weight of the 
20 microsphere in the total composition. 

27. A method of preventing or treating prostatic cancer, prostatic hypertrophy, endometriosis, hysteromyoma, metrofi- 
broma, precocious puberty, dysmenorrhea or breast cancer or of contraception, which comprises administering 
an effective amount of the sustained- release composition according to claim 22 to a mammal. 

25 

28. A method which comprises subjecting an emulsion to in-water drying in the presence of an osmotic pressure 
regulating agent in the outer aqueous phase for producing a microsphere having improved dispersibility, wherein 
the emulsion contains a physiologically active substance or a salt thereof and a polymer. 

30 29. Use of an osmotic pressure regulating agent in an outer aqueous phase in subjecting an emulsion containing a 
physiologically active substance or a salt thereof and a polymer to in-water drying for production of a microsphere 
having improved dispersibility. 

35 
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